Abstract
Introduction
Clostridium difficile (C. difficile), a gram-positive sporeforming anaerobe, is the most commonly reported pathogen, causing 12.1% of healthcare-associated infections in the USA [1] . Studies have demonstrated an increasing incidence of C. difficile infection (CDI) in patients with inflammatory bowel disease (IBD) who commonly had a more severe course of disease than the non-IBD population [2] [3] [4] [5] . Traditional risk factors for CDI include recent antibiotic use or hospital exposure, older age, comorbidity, immunosuppression, and underlying IBD [6] . However, CDI has been associated with certain risk factors, including younger age, colonic IBD, active colitis, community acquisition, and use of corticosteroids or infliximab, in patients with IBD [3, 5, 7] . In addition, CDI has been found to complicate the course of IBD and has been reported to be associated with poor prognosis, including increased colectomy, higher mortality, and longer length of hospital stay [7] .
The exact epidemiology of CDI has been hindered by a lack of global reporting and surveillance programs. To date, there are limited data describing the epidemiology and prognosis of CDI in IBD patients in China [8, 9] . One study reported that the incidence of CDI (19.3%) in patients with ulcerative colitis (UC) was higher than that (12.7%) in patients with Crohn's disease (CD) in South China [8] . The other retrospective study reported that CDI was diagnosed in 5% (13 cases) of 260 patients with IBD in one tertiary hospital in Shanghai, China, from 2013 to 2015 [9] . The incidence, temporal change in incidence, risk factors, and prognosis of CDI in Chinese IBD patients are still poorly characterized. Therefore, we performed this study with the following aims: (1) to investigate the proportion of CDI for a longer duration and detect the temporal change in the proportion; (2) to identify the risk factors of CDI in patients with IBD; and (3) to explore the outcome of CDI in IBD patients.
Patients and Methods

Patients
This study was a retrospective, case-control study conducted at the Department of Gastroenterology, Peking Union Medical College Hospital (PUMCH). Hospitalized patients with IBD and CDI were identified from our hospital discharge database as well as central laboratory database between January 1, 2010, and December 31, 2015. The study population included patients with a discharge diagnosis of IBD, including UC, CD, or IBD unclassified (IBDU), and only patients who were hospitalized for an active disease. Enrolled patients (n = 60) were diagnosed with IBD and had a positive stool test for C. difficile toxin A or B (CDAB) by enzyme immunoassay (EIA). Each case was matched to 2 or 3 randomly selected CDAB-negative controls (n = 137) by IBD diagnosis, age, sex, and year of CDAB testing. The study was approved by Institutional Review Board of PUMCH. All data of the study were collected by reviewing preexisting records. No information from any individual patient was revealed, and all patient records were de-identified before being included in the present analysis. For these reasons, the study protocol was exempted from the need for informed consent from its participants.
Study Measures and Outcomes
CDI cases were defined as patients with active symptoms and a positive stool test for C. difficile toxin A or B by EIA (VIDAS ® C. difficile panel, BioMérieux, France). Demographic characteristics included age, gender, smoking and drinking status. Clinical characteristics included the following: (1) clinical and epidemiological findings: age of IBD symptom onset, age of IBD diagnosis, duration from symptom onset to IBD diagnosis, age at CDI, duration of IBD at CDI, severity of UC by Truelove and Witts criteria [10] , extent of UC (extensive colitis versus left-sided colitis or proctitis), Mayo endoscopic score of UC [11] , Montreal classification of CD [12] , Harvey-Bradshaw index for CD activity if documented in medical records [13] , previous IBD-associated bowel surgery, diabetes comorbidity, body mass index, peripheral venous white blood cell count, hemoglobin, and plasma 25-hydroxyvitamin D [25(OH)D] before CDI; (2) potential risk factors of interest: simultaneous presence of CMV infection (diagnosis based on evidence of viral cytopathic effect by hematoxylin and eosin-stained tissue and/or the presence of any viral inclusion bodies by immunohistochemistry or in situ hybridization, or the presence of serum CMV-DNA > 500 copies/ml), recent (within 1 month) hospitalization for any reason, recent (within 3 and 1 month) use of antibiotics, recent (within 3 months) use of PPIs, recent (within 1 month) use of parenteral nutrition support, and concurrent use of 5-aminosalicylates (5-ASA), immunomodulators (including thiopurine, methotrexate, thalidomide), systemic corticosteroids, and anti-tumor necrosis factor (TNF)-α agent; and (3) outcome indicator: diseaserelated colectomy of any extent following the CDAB test.
In our clinical practice for patients with severe IBD episodes, stool C. difficile toxins, serum CMV-DNA, and detailed tissue diagnosis for CMV during colonoscopy are 1 3 routinely performed on admission. The antiviral therapy was given as soon as the CMV infection was confirmed either by serum CMV or tissue diagnosis.
The primary outcomes of this study were the proportion of CDI in hospitalized IBD patients, the identification of risk factors associated with CDI, and the percentage of patients requiring colectomy after CDI for the clinical outcome study.
Statistical Analysis
Data were analyzed using SPSS for Windows version 21.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were computed for all variables. Continuous variables were summarized using means and standard deviations or medians with 25th and 75th percentiles appropriately. Categorical variables were expressed in proportions. Univariate comparisons of continuous variables were conducted using t tests or Wilcoxon rank-sum tests; univariate comparisons of categorical factors were conducted using Chi-square or Fisher's exact tests as appropriate. A multivariate logistic regression model using a forward stepwise selection method was constructed to study the possible risk factors of CDI. Data were reported as unadjusted odds ratios (ORs) with 95% confidence intervals (CIs). P values less than 0.05 were considered statistically significant. Surgery-free survival was determined with Kaplan-Meier analysis. Differences in bowel surgery rates were determined by log rank analysis and Cox regression. P values less than 0.05 were considered statistically significant.
Results
Epidemiology
A total of 60 (7.41%) CDI cases were identified from 810 hospitalized patients with active IBD. Patients with recurrent CDI were not counted repeatedly in the proportion. Of 381 UC patients, 34 (8.92%) tested positive for CDAB. Of 429 CD patients, 26 (6.06%) were CDAB positive. The presumed incidence of CDI in hospitalized patients with IBD from 2010 to 2015 is listed in Table 1 . The incidence was lower than 2% in 2010 and gradually rose to over 12% in 2014. Figure 1 illustrates that, although it was not a steady increasing line, there was an increasing number of detected CDI cases in patients with IBD.
Demographics and Characteristics
The demographics and clinical characteristics of the study subjects (cases and controls) are listed in Table 2 . The median duration of IBD (from disease onset to CDI) when CDI occurred was 29.5 (interquartile range [IQR] 7.0, 102.0) months. There was no difference found in smoking or drinking status, diabetes comorbidity, previous IBD-associated bowel surgery, body mass index, peripheral venous white blood cell count, hemoglobin, or plasma 25(OH)D between IBD patients with and without CDI (P > 0.05). Compared with patients without CDI, CD patients (n = 95) with CDI were more likely to be colon involved and had a higher Harvey-Bradshaw index (P = 0.003 and 0.013, respectively). In UC patients (n = 102), there was no difference in disease severity, Mayo endoscopic subscore, or disease extent between patients with and without CDI (P > 0.05).
Of the 60 patients with CDI, 50 (83.3%) had a colonoscopy within 1 week before or after the diagnosis of CDI. The presence of pseudo-membranes was found in only 2 (6.3%) out of 32 patients with UC ( Fig. 2) , whereas colonoscopy results revealed that these pseudo-membranous features were absent from all of the 18 patients with CD and CDI.
Risk Factors for CDI
As shown in Table 3 , univariate analysis revealed that IBD patients with CDI had a higher rate of concurrent use of corticosteroids, use of antibiotics and PPIs within 3 months CD Crohn's disease, CDI Clostridium difficile infection, CDAB C. difficile toxin A and B, CMV cytomegalovirus, IBD inflammatory bowel disease, IQR interquartile range, UC ulcerative colitis, TNF tumor necrosis factor prior to CDI, recent hospitalization within 1 month for any reason, parenteral nutrition support within 1 month prior to CDI, and concomitant cytomegalovirus (CMV) coinfection than patients without CDI (P < 0.05). CMV infection was more common in IBD patients with CDI than that in patients without CDI (30.0 vs 7.3%, P < 0.001). However, the concurrent use of immunomodulators, anti-TNF agents, 5-ASA, and antibiotics within 1 month prior to CDI were not found to be associated with CDI (P > 0.05). Logistic regression analysis (Table 3) showed that the concurrent use of corticosteroids (OR = 6.803, 95% CI, 2.901-15.954, P < 0.001) and hospitalization within 1 month prior to CDI (OR = 3.028, 95% CI 1.225-7.480, P = 0.016) were associated with CDI. Receiver operating characteristic (ROC) curve (Fig. 3) analysis showed that the dosage of corticosteroids that equaled prednisone 37.5 mg/day was the cutoff value for association with CDI (area under curve [AUC] = 0.75).
Treatment Outcome
CDI patients were prescribed metronidazole (n = 39), vancomycin (n = 16), or combined therapy (n = 5) at the physicians' discretion. Median treatment duration was 14 (range 8-16) days. Of the 60 CDI patients, 6 (10%) had recurrent CDI after a median of 2.3 (IQR 1.0, 4.5) months from the first episode of CDI. Among the 18 patients with CDI and CMV coinfection, 14 cases received antiviral therapy by ganciclovir and 1 case by foscarnet sodium on physicians' discretion. As illustrated in Table 2 , the rate of diseaserelated colectomy following CDI was higher in patients with CDI than that in controls but with no significance (20.2 vs 10.9%, P = 0.089). The median duration from CDI to colectomy was 4.3 (IQR 0.7, 12.5) months. Cox regression analysis (Table 4) revealed that CMV coinfection (hazard ratio [HR] = 4.185, 95% CI 1.492-11.736, P = 0.007) and disease severity (HR = 2.070, 95% CI 1.006-4.261, P = 0.048) were independently associated with colectomy following CDI in patients with IBD.
Discussion
CDI in patients with IBD has been recognized as an essential clinical problem due to the growing incidence, increasing prevalence, and worsening outcome. IBD is proven to be an independent risk factor of CDI. A population-based study revealed that individuals with IBD were approximately five times more likely to develop CDI than individuals without IBD [5] . In the present study, we have shown the following: (1) CDI cases and its proportion in hospitalized IBD patients are increasing in our tertiary IBD center in recent years; (2) the use of steroids and recent (within 1 month) hospitalization are associated with CDI; and (3) CMV coinfection is independently associated with IBD-related colectomy after CDI in IBD patients. The presumed incidence CDI in hospitalized patients with IBD at our center has increased from 1.18% in 2010 to 8.29% in 2015, and the highest number (12.99%) occurred in 2014. The prevalence of CDI is 7.41% in our tertiary IBD center. Most studies reported the prevalence of CDI in hospitalized IBD patients ranging from 1 to 10% [2] [3] [4] 14] . Furthermore, several studies from single centers reported in 2007 [15, 16] and studies using national hospitalization databases reported in 2008 [2, 14] have shown a temporal increase in the proportion of IBD hospitalizations complicated by CDI. A nationwide temporal increase in CDI in IBD hospitalizations from 1998 to 2007 was reported [4] . Although two studies have reported the prevalence of CDI in Chinese IBD patients, our present study is the first to show the temporal change in the proportion of CDI in hospitalized IBD patients. Due to the retrospective nature of this study, we have no data on the percentage of patients underwent testing for C. difficile toxin each year. Bias from physicians' awareness was introduced in this study. In 2012, the publication of Chinese consensus on IBD management which emphasized opportunistic infection screening may explain the prominent increase of incidence from 2012. A more recent study describing the incidence of CDI in IBD patients found a decreasing trend [17] . In the UK, the incidence of CDI in IBD patients decreased from 8.7% in 2007/2008 to 0.4% in 2012/2013 [17] . Potential explanations for these observations are as follows: (1) better and prompt management of IBD in recent years, i.e., the early introduction of anti-TNFα agents to improve mucosal function and thereby reduce C. difficile colonization and (2) improved awareness of CDI and infection control practices in healthcare providers. In our study, we also observed a decrease in the proportion of detected CDI cases between 2014 (12.99%) and 2015 (8.29%). Ongoing monitoring of the temporal changes will reveal whether China exhibits a trend of CDI incidence similar to the recent study from the UK.
Endoscopy rarely detects pseudo-membranes and is therefore ineffective at diagnosing CDI in patients with IBD [15, 18] . It was reported that endoscopic pseudo-membranes were found in 13% of patients with IBD and CDI and that these patients more commonly presented with fever (P = 0.02) than patients without pseudo-membranes [19] . In our study, fewer endoscopic pseudo-membranes were found, with 6.3% in patients with UC and CDI and 0% in patients with CD and CDI. Therefore, the diagnosis of CDI is predominantly based on C. difficile toxin tests. The CDI diagnostic conundrum has been resolved by the development of molecular assays for toxigenic C. difficile that utilize real-time PCR to detect the tcdB gene encoding toxin B in fecal specimens, and these new assays have a higher sensitivity and specificity than the conventional enzyme-linked immunosorbent assay (ELISA)-based assays [20, 21] . Given the relatively lower sensitivity of ELISA-based assays, the incidence and prevalence of CDI reported in our study may be underestimated.
Which IBD patients are at the greatest risk of acquiring C. difficile infection? Risk factors for CDI in patients with IBD are different from those of non-IBD patients, such as younger age and fewer predisposing non-IBD-related comorbidities [2, 14] . Moreover, risk factors for CDI in non-IBD patients, such as antibiotic use or PPI use, are less common in patients with IBD [15] . Consistent with the known epidemiology of CDI in patients with IBD, our study found that recent hospitalization or use of steroids remained one of the strongest risk factors for CDI. Data from IBD cohorts did not consistently demonstrate the independent associations between medication use (including immunomodulators, anti-TNF agents, and 5-ASA) and risk of CDI [15] , and our findings confirmed this lack of association. In a population-based IBD cohort from British Columbia, the use of corticosteroids tripled the risk of CDI in a manner that was independent of dose or duration [22] . However, in our study, we found a higher risk of CDI in patients administered a dosage of prednisone over 37.5 mg/day.
Higher plasma calcifediol [25(OH)D] was found to be associated with reduced risk of C. difficile infection in patients with IBD [23] . This study suggested a role for vitamin D in the pathogenesis of CDI in patients with IBD. Vitamin D stimulates the production of cathelicidin, which is an antimicrobial peptide that is widely expressed in neutrophils, natural killer cells, and intestinal epithelium, and has antibacterial activity against a spectrum of bacterial pathogens [24] . Furthermore, it was recently reported that cathelicidin inhibits the effect of C. difficile toxin [25] . However, our study did not find an association between plasma 25(OH) D levels and the risk of CDI. However, because only half (n = 31) of the patients with CDI had available 25(OH)D levels prior to CDI, the small sample size may weaken the power of this finding. Further studies investigating the association between 25(OH)D and the risk of CDI as well as the role of vitamin D adjunctive treatment in IBD patients to reduce the risk of CDI are imperative.
CDI was reported to worsen the outcome of patients with IBD and was associated with mortality, colectomy, and health resource utilization [2, 7, 8, 15] . However, studies reporting the impact of CDI on the risk of colectomy are inconsistent. Some single-center and nationwide studies failed to find an association between colectomy following CDI [2, 26] . Our study added evidence of no association between CDI alone and the subsequent colectomy. However, we found that the occurrence of CDI and CMV coinfections in patients strongly associated with the subsequent colectomy. We also found that CMV infection was more common in IBD patients with CDI. A recent study reported that CDI occurred more frequently in IBD patients with CMV reactivation and was associated with poor outcomes [27] . Conversely, our study revealed a higher rate of CMV coinfection in IBD patients with CDI and the association with poorer outcomes. A review article reported clinical scenario of coexisting cytomegalovirus infection in immunocompetent patients with CDI [28] . In cases of coexisting CMV and C. difficile colitis, ganciclovir therapy for CMV colitis in time may circumvent the unnecessary second-line therapeutic method for CDI, supposing that persistent diarrhea was not due to treatment failure for C. difficile [28] . In our clinical practice, coinfection is mostly seen in severe patients or those who received consequent or joined immunosuppressive medications. The severity of IBD itself may also contribute to the vulnerability of coinfections and poorer outcome. Although most of IBD patients with CDI-CMV coinfections were treated with antiviral therapy (15/18), but mostly the outcome of colectomy was still not prevented. Delayed diagnosis or initiation of antiviral therapy may not be the reason for poor outcome. Other more aggressive, novel, or adjunctive therapy such as using fecal microbiota transplantation, fidaxomicin, and anti-CMV immunoglobulin may need further investigation. Being aware of the poor outcomes of patients with coinfections, physicians should promptly test and aggressively manage these high-risk patients.
There are strengths in our study. First, to our knowledge, this is the first study in China and even in Asia to demonstrate a temporal change in C. difficile infection in patients with IBD. Second, the case-control study design restricts bias commonly seen in a retrospective study. For instance, matching for age restricts the age-related bias. Matching for IBD subtype reduces bias associated with different risks of CDI and IBD type. Matching for sample test period further controls for temporal changes in the overall incidence of CDI. Third, most patients in our cohort were regularly monitored at our center, which further increased the strengths of the outcome evaluation.
Despite the strengths, several limitations and weakness should be considered. First, since our cohorts were recruited from a tertiary referral center, the study results may not be generalized to the IBD population. Second, the findings are based on a small sample size due to the retrospective nature of this study. Third, given the relatively lower sensitivity of the EIA-based CDAB test, the rate of CDI may possibly be underestimated. Fourth, we did not present the proportion of IBD patients who were tested for CDI and CMV colitis each year. An increasing proportion of tests in IBD patients due to physicians' awareness may cause bias to the study findings. Fifth, the study controls were initially planned as 1:3, while in most cases only 1:2 controls were qualified. Finally, we did not assess the strain of C. difficile in patients with CDI.
In conclusion, the occurrence of CDI is increasing in Chinese IBD patients. Patients with a higher dose of corticosteroids and recent hospitalization have a higher risk of CDI, and coinfection of CMV and CDI results in a poorer outcome, even antiviral therapy was mostly given in time. We believe this study will remind physicians of the importance of testing for C. difficile and CMV when providing care for patients admitted for active IBD. Due to the increasing incidence of CDI, infection control should be emphasized in China. Aggressive management including other potential strategies should be considered for IBD patients with coinfections, which might need further studies to confirm. Further studies are needed to confirm our results.
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